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BYPASS-DUCT DESIGN FOR USE W I T H  SUPERSOKIC INLEES 
By Charles C . Wood end Jobn R . Henry 

P, successful method for  designing  bypass  ducting for use with super- 
sonic  inlets  has been  developed  experimentally. Tlrle design is  shown t o  
be sa t i s f ac to ry   i n  a l l  aspects of  performance. Furtiher refinement will 
be poss ib le   in  detailed developnent for  specific  zpplications.  

INTRODLJCT ION 

Figwe 1 i s  a ske tch   i l lus t ra t ing  the use of an  engine  bypass  ducting 
system i n  conjunction  with  a  supersonic  inlet. The inlet i s  followed by a 
subsonic  diffuser. Near the   ex i t  of the  subsonic  diffuser,  the  flow is 

by the  engine. The problems associated  with  matching inlet performance 
with engine  requirements  and  the use of t he  bypass  duct as e s o l u t i o n   t o  

bypess-ducting system, the   i n l e t  would be s i z e d   t o  nass a flow which 
always would be equal t o  or greater than tkt demanded by  the  engine. 
For conditions where the engine d e m d s  less flow, the  excess air would 
be baassed around the  engine  and  discharged from the  a i rplane at the 
lnost convenient  locat ion. 

L divided  into th-o p a r a l l e l  streams - t h e  by-passed air and the  air consumed 

d these problems are  referred. t o   i n  references 1 2nd 2. In brief, with a 

T'nis paper is concerned k i t h  t h e  detail design of the  subsonic 
ducting  in the  region where the bypass air i s  removed f r o m t h e   t o t a l  
f low  passed  by  the  inlet .   In  particular,  the e f f ec t s  of bypassing  the 
air on the  engine-face  velocity  distribueions and on the  total-pressure 
l o s s e s   a r e   t o  be evalueted in   o rder  that the  designer m y  have more 
specific  inTomation on which t o  base his designs  and  analyses. 

SYMBOLS 

-;rB 

HE 

mean to t e l   p re s su re  a-L bypass 

mean to ta l   p ressure  at engine-face  stztion 
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%Ax maximum to ta l   p ressure  

%I81 minhum tots1  pressure 

HR mean total   pressure at reference  station 

M Mach nmber 

ME Mach nmber a t  engine-face  station 

U maximum velocity 

IDEAL BYPASS-DUCT  DESIGN 

The ideal bypass-duct design would consist of an arrangement which 
removes :;he bnass flow  uniformly from the  entire  periphery of the  duct. 
Such a ducting  design would bleed or'f u n i f o d y  a l l  the  bourdary  layer 
or low energy air, which is generally  the  source of f low  dlstribution 
dis tor t ions.  However, wrapping annuler ducting around the   en t i re  
periphery of the main duct  introduces so aany design  complications t:mt 
i n  most cases it would be impractical. For t h i s  reason,  the  experimentel 
inves t iga t ions   to  be described were confiaed t o  designs where a l l  the 
bypass aTr was removed fram one wall or a limited sector of the  duct. 
The  subsonic  diffuser was supplied  with air flow by an   in le t   be l l ,  and 
the various  effects of the  supersonic  inlet  operation were simulated by 
varying  the  supply  pressure. 

Model I 

The first configurations  investigated are shown i n  figure 2. In  
model Ia, a conventional 6' diffuser  designed f o r  the  maximum engine 
air-flov  condition was 'altered by cutt ing a hole i n  one side and addlng 
a scoop t o  obtain  high  recovery i n  t'ne bypess flow. Four scoop proJew 
t ions  were t e s t ed  ranging from t h e   f u l l  scoop of nofie1 Ia t o   t h e  flush 
scoop of model Ib. Only r e s u l t s   f o r  models Ia and Ib  w i l l  be presented 
s ince  the performance is bracketed  by these two configurations. The 
in le t   a rea  of the  exLended scoop was designed to   i n t e rcep t  about a th i rd  
of the air flow at a scoop in le t   ve loc i ty  ratio of 1.0. For ease of 
fabr icat ion and t e s t  measurement, rectallgular  ducting was used; however, 
the general  principles  indicated by the test data  should  be  applicable 
t o  any cross-sectional shape. " 
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Figure 3 s-rizes the performance of models I& and Ib for the case 

vhere  the  diffuser was operating at a point   just  below the choke condi- 
t ion .  The diagrams are   veloci ty   dis t r ibut ions i-n which velocity i s  
plotted  horizontally  against   distance  &cross  the  duct  vertically.  The 
center of the  lnaxinum velocity  region is indicsted by the arrow. 'Tae 
shaded sreas,  then,  represent retarded velocity  regions. Tine bottom 
l i n e  corresponds t o   t h e  wall on the  bypass side, end. t h e   t o p   l i n e   t o  the 
wall opposite t o  the bypass.  StatFocs R and E are the reference  and 
engine-face  stations,  respectively. The two dis t r ibut ions on the  left  
side of f igure 3, which were measured M t h  no scoop in place and with the 
opening sealed and faired,  are normal fo r  t h i s   t m e  of diffuser .  The per- 
f o m n c e  for nodel iz with  the scoop in   place is  given at the top of Zig- 
ure 3,  where the  percent of bmass flow is giver- on the  top  l ine,   the  
total-pressure-recovery  ratio Tor the  engine-face  station on the  second 
l ine ,  and the bypass  duct  recovery on t i e  t h i r d  line. Total-pressure 
recovery i s  given i n  terms of the  mean to ta l   p ressure  at s t a t i o n  R. 

The large  region of retarded velocity and the  accorqanying low pres- 
su-re recovery  obtained with no bypass f low resulted from the  high  angle 
of a t tack  011 the  scoop f o r  this cocdition  and the hi&  expansion  angle 
on the downstrean face of the scoop. With the  desip- bypess flow of 
32  percent, the angle of a t tack  was eliminated znd the  boundary layer 
bypassed; thus,   the bad flow on the bypess side was eliminzted. However, 
a large retarded velocity  region was obtained on the  side opposite  the 
scoop beceuse of t he   a l t e r a t ion  to the  diffuser  pressure  gradierts  caused 
by bypassing  about .= third of t h e  air. Bmassir!! t h i s  amount of eir is 
equivalent t o  a sudden aree  increase  in  the diffuser  of about 50 percent, 
which produces a ragid rate of bomdary-lsyer growth. The engine-face 
total-pressure  recovery w i t h  32 sercent  bypass was f a i r l y  high, 98.6 per- 
cent,  because of t he  reduced air flow  (end  thus dynamic pressure)   in   the  
eagine  duct and because the  veloci ty   dis t r ibut ion w a s  somewhat better 
than w i t h  no 'oypsss flow. 

EliminatAcS the scoop extension by using a f lush  scoop, model Ib, 
comiderably improved the veloci ty   dis t r ibut ion al?a engine  recovery  with 
no bypass  flow. With the design bypass flow 03 32 percent, the dis t r ibu-  
t i o n  was again  distorted es i n  model Ia because of the increased  diffuser 
pressure  gradient. E l i iu inak iw  the  scoop extension  reduced  the bypass 
recovery from 98 t o  96.8 percenk. 

The performance of these two configurztions and the other scoop 
designs  not  discussed  here 'was not  considered t o  be sz t i s fac tory  from 
ei ther  the f low distri'ou'cion or l o s s  standpoiit .  The data showed t h a t  
the  design  apgroach of cukticg a hole   in  the wall of a d i f fuser  end adding 
E scoop i s  oversinrplified end tha t  -ihe bas ic   d i f fuser   l ines  ought t o  be 
k i d  out w%th specific  consideration  for the bypass  operation. 
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Model I1 
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Model 11, shown sketched i n  figure 4, was designed  using  the  infor- 
mtion  derived  fro= the t e s t s  of' m o d e l  I; model Ib i s  a l so  shown i n   t h i s  
f igure for comperison. I n  model 11, the  adverse  effects of the extended 
scoos were eliminated by moving t h e  bypass in l e t  back t o  t h e  diffuser  
e x i t  and by inzreesing the diffuser  exit   area by an amount suff ic ient  
t o  include the bypass inlet   area.  Thus, the bypass  design became a 
splitter-type  configuration, which, of course ,   re ta ins   the   ab i l i ty   to  
recover ram pressure  in  the bypass  duct. For the  same diffuser  angle, 
the  nodel I1 type of design would be longer  than model I. For model 11, 
two diffuser   area  ra t ios  were tested which, with no bypass flow,  produced 
at the engine-fsce  station Mach numbers of about 0.4 and 0.7. These two 
conditions were desired  in  order  to  bracket  the  current  turbojet-  
compressor-inlet Mach  number values of 0.5 t o  0.6. 

Figure 5 presents the performance of m o d e l  I1 for   the  duct ing  for  a 
Mach  number of 0.4, and the  corresponding  performance of model Ib  is 
incluced for cangarison. With or d t h o u t  bypass flow, substantially more 
uniform velocity  clistributions were obtained at the engine face  with 
model I1 than  with model To. The  improvement without  bypass  flow is 
d i r ec t ly  due t o  the contraction which -the  flow  experiences between the  
reference  station and s t a t ion  E w i t h  no flow  through the bypass. With 
the  design bypass f l o w  of 32 percent, the improved veloci ty   dis t r ibut ion 
and  engine  total-pressure  recovery of model I1 were due t o  the fac t   tha t  
the  diffuser  pressure  gradients  in  the  region of the bypass for model I1 
correspond to those  for a 6O diffuser;  whereas, i n  model Ib, the bypass 
flow  sets up gradients  appreciably  higher  than  those for the   basic  60 
diffuser .  

The data fo r  model I1 presented i n  figure 3 are for the condition 
where the  diffuser  was operating  just  below the  choke point, and a Mach 
number of about 0.4 existea at s t a t ion  E wiYn no bypass flow. As noted 
previously, data f o r  the same condition were taken   for  a Mach  number at 
s t a t ion  E OR about 0.7. Tne performance at the higher Mach number l eve l  
was near ly   Ident ica l   to   the  data f o r  a Mach  number of 0.4 and will not 
be presented  here. 

The ve loc i ty   d i s t r ibu t ion   for  model I1 depreciated some on the  
opposite wall with  increasing  bypass  flow.  In  laying  out  the  duct  design, 
t h i s   e f f e c t  could  be  reduced  by  taking most  of the area expansion on the  
d i f fuser  wall containing  the bypass, thus  favoring  the boundary layer 
development on the opposite wall. An alternative  design would be t o  
include  an area contraction  just  upstream frm the engine on the  opposite 
w a l l .  
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i n  order t o  determine  the  effectiveness of t he  model I1 design  for 
off-design  inlet  qperating  conditions,  the  diffuser wa,s tested i n  the 
choked condition with a normal shock  standing i n  the  diffuser  and i n  some 
c&ses with various  types of spoi lers  mounted on the diffuser  wall. Data 
for one of the most extreme conditions have  been selected for presentation 
here. A diagram for the   diffuser   f low  pat tern is shown i n  figure 6 .  l n e  
n o m 1  shock occurred at a Mach nmber of 1.52. Tine d-fuser area r a t i o  
fo r   t h i s   ca se  normally  produced a Mach  number of about 0.4 at s k t i o n  E 
with no bypass  flow. For the  flow  conditions  illustrated, however, the 
engine-face Mach  number was about 0.6 due -Eo t'oe total-pressure  losses 
incurred  in   the shock  and i n   t h e  subsequent  separated  flow  region. As 
generally  occurs  in  cases of t h i s  type,  the  flow always separated from 
the sane w a l l  - i n   t h i s   c a s e ,   t h e  bypass wall. 

The amount of flow  distortion produced by the shock-boundary-layer 
h t e r a c t i o n  is  readi ly  zpparefit from the  reference  station  masurement. 
The in s t a l l a t ion  of the bypass s p l i t t e r  and varying t h e  amount of bypass 
flow did not alter the reference-station  total-pressure  distribution 
zppreciably. The velocity  distributions  obtained at the  engine  face  are 
not qprec iab ly   d i f fe ren t  f r o m  those  obtained when the  diFfuser was 
operEti-ng just below the  choke condition. The outstandfng  conclusion t o  
be derived is  k h a t  even with a flow  distortion at the  reference  station 
of the  magnitude  indicEtted, the model I1 design produced f a i r l y  uniform - dist r ibut ions at the engine  face. The total-pressure  recovery  in  the 
engine  duct was high  because it received tine high  total-pressure  portio0 
of t he   en t i r e  flow.  Conversely, t he  bypass recovery was low. Other tests 
w i t h  the higher Mach  number ducting ar?d with separated  flow on the  opposite 
wall produced essent ia l ly   the  sane performance  and, therefore ,   these  resul ts  
may be considered  typical. 

Total-Pressure  Distortions 

The total-pressure  distortions  obtained at the engine  face are sum- 
marized for   severa l  models i n  figure 7. In  obteining the  dis tor t ion  fac-  
t o r ,  5 percent of the  cross-sectional area adjacent t o  each  duct wall was 
ignored; i n   o the r  words, th is  amount  of area wa.s assigned t o   t h e  low 
energy  part oT t he  boundary layer. The dfs tor t ion  factor  is defined as 
the difference between the  mximum and  minimm total   pressure  divided  by 
the  mean to ta l   p ressure  at the  engine-face  station. The abscissa i s  the  
percent of bypass  flow. The plot on the left side of f i w e  7 is f o r   t h e  
diffuser  operating  just  below the  choked condition. For t h i s  case, 
nrodel Ia w i t h  the extended scoop  produced dis tor t ions as high as 50 per- 

11 percent  with no bypsss. A t  high by-pass flows, both models Ia and I 3  
produced s. dis tor t ion  of about 9 percent. This r e l a t ive ly  l o w  value was 

.. cent. Tne f lush  scoop  of model Ib reduced the 50-percent  value t o  about 

.. - 



obtained i n   s p i t e  cf bad velocity  distributions because of the low engine- 
face Mach  number l eve l  of the  tests of about 0.2. A t  low Wch numbers, 
the  dynamic pressure i s  very small re la t ive  t:, the   to ta l   p ressure  and, 
therefore,   large  varietions  in  velocity  distribution do not  affect the 
totel-pressure  distortion  qpreciably.  For model 11, the  dis tor t ions 
f o r  the bypass  system fo r  Mach numbers cf 0.4 end 0.7 were on the  order 
of 4 end 7 percent,  respectively,  the  difference between the two values 
being due a lnos t   en t i r e ly   t o   t he  change in   M~ch number rather  than a 
charge in  velocity  distribli t ion.  The model I1 results  ere  considered t o  
be within the range of vahes  acceptable   for  er.gine operation. 

. 

The right-hacd  plot of figure 7 surrrmarizes  t'ne data f o r  the tests 
where the  diffuser  flow was dis tor ted by shock-boundary-layer interaction. 
Tne lower Mach n3m5er 6ucting  for model 11, which produced a Mzch  number 
of about 0.6 at the  ezgine  with no bypass, had dis tor t ions on the order 
of 9 percent, wnich is  prombly on the  borderline of being  acceptable. 
MoCel Ib had prohibit ive  distortions.  It is evident  that model I1 
res i s ted  the er"fects cf distorted  flow upstream from the bypass much 
more successfully than model I. 

CONCWDING RFSIARKS 

A successful  xetkod  for  designing  bypass  ducting f o r  use w i t h  super- 
sor-ic i n l e t s  has  bee3  developed in this  preliminary  investigation. The 
design  has  been shown t o  be sa t i s fec tory   in  a l l  aspects of performance. 
Further ref j.nesent should be possible   fn   detai led development for  specif ic  
applicatfons. 

Langley Aeronauticsl  Laboratory, 
National  Advisory Conzittee f o r  Aeronautics, 

Langley Field, Va., Noveniber 1, 1955. 
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MODEL I VELOCITY  PROFILES 

Figure 3 

MODEL It DESIGN 
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Figure 4 
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. MODEL II VELOCITY PROFILES 
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Figure 5 
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Figure 6 . 
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